Two-dimensional periodic patterns can be created by interference lithography with multiple beams (more than two) in a single exposure step. It is possible to obtain various symmetries and shapes such as sparse hole arrays or dots on square or hexagonal grids. However when the number of interfering beams exceeds three, the intensity pattern depends strongly on the relative phases of the beams. This problem makes the technique very difficult to realize when mirrors and beam-splitters are used to obtain multiple beams since the positions and orientations of these elements must be controlled with a very high degree of accuracy. In this study we have shown that this problem can be overcome with a scheme where transmission diffraction gratings written on a single substrate create the interfering beams possessing the required phase relations [1]. Advantages of the technique include achromaticity and insensitivity to slight misalignments of the illuminating beam. Figure 1 shows schematically one of the geometries we tested. Four beams diffracted by the gratings overlap in the central area to create a two dimensional fringe pattern. The relative phases of the beams are controlled by the relative positions of the four gratings in the xy plane. There are two particularly interesting phase situations which create entirely different interference patterns. In the first one, the four beams interfere constructively at points on a 45 o rotated square grid with a period that is 2 times smaller than the period of the diffraction gratings. In the second case, amplitude nodes (zeros) are formed on a straight square grid with a period that is equal to half of the diffraction grating period. The experiments to verify these predictions were performed on a table top system using a 442nm laser source. The diffraction gratings were written on a glass mask by e-beam lithography. The interferometer controlled stage of the e-beam system allows precise placement of the gratings on the glass substrate, which is necessary for controlling the phases of the diffracted beams. Patterns recorded in a positive tone resist for the two phase configurations described above are shown in Figure 2 . The resist patterns are in excellent agreement with our calculations. In further experiments we tested configurations using three, six and eight beams. In the first case, three beams emanating from three gratings positioned on the sides of an equilateral triangle interfere to form intensity peaks on a hexagonal grid. Six and eight beam cases are extensions of the three and four beam geometries respectively with additional sets of gratings with higher spatial frequency positioned around the first set to add higher frequency components to the fringe pattern. This addition of more beams increases the variety of patterns obtainable with this method. For example creation of sparse arrays where the distance between the holes is much larger than the hole size itself, is possible. 
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